The efficacy of epiduralfentanyl combined with lignocaine 1.5% with adrenaline 1:200,000 was studied in a randomised, double-blind, controlled trial of two hundred patients undergoing extracorporeal shock wave lithotripsy with or without ancillary procedures. The quality of anaesthesia was assessed using linear analogue pain scores, the patient's impression, and the rate of intra-operative intervention by the anaesthetist. Postoperative symptomatology was also recorded. The only significant difference lay postoperatively in that the fentanyl-ancillary procedure sub-group had less pain approximately one hour postoperatively (P = 0.01).
The use of epidural opioids has been a growth phenomenon in recent times and as part of this development, opioids, and in particular fentanyl, have been used in epidural regional anaesthesia in conjunction with local anaesthetic agents. The rationale for this appears to be that the addition of the opioid allows the use of low concentrations of local anaesthetic in the provision of analgesia I or provides nonspecific analgesia to cover discomfort which might be encountered in spite of seemingly adequate somatic blockade. 2 ,3 Is this really the case or does the additional opioid merely introduce a further complicating factor which limits options or compromises further management in the event that the intervention is required?
Our study was conceived to test the null hypothesis that the addition offentanyl to the local anaesthetic conferred no advantage in a well performed and adequate epidural block. We also planned to relate the observations to the degree of surgical stimulation on the basis that not all surgery involves identical stimulation with respect to both nature and intensity; i.e. Extracorporeal Shock Wave Lithotripsy (ESWL) alone versus ESWL in conjunction with ancillary procedures.
The study was submitted to and approved by our hospital's Ethics Committee.
MATERIALS AND METHOD
Patients presenting for ESWL with or without ancillary procedures were seen prior to surgery at which time the study was explained and informed consent obtained. Excluded from the study were those receiving general or spinal anaesthesia, those who had received a premedicant and those with an allergy to the proposed drugs. Of the initial two hundred patients enrolled in the study, six were withdrawn from the analysis because of breaches in protocol or abandonment of the surgery.
In the anaesthetic room intravenous access was secured and an infusion of Hartmann's solution commenced. All patients were monitored with an ECG, automated non-invasive blood pressure measurement and pulse oximetry. Midazolam was given intravenously at the discretion of the anaesthetist to allay anxiety. The patient was then positioned for placement of an epidural catheter using a 16 gauge Portex@ Epidural kit. The site of epidural insertion was at the discretion of the anaesthetist with the proviso that the resultant somatic blockade should extend from T4 to L2 at least for ESWL alone and from T4 to S5 for ESWL in combination with ancillary procedures. Once the catheter was sited, a 4 ml test dose of lignocaine 1.5% with adrenaline 1:200,000 was administered to all patients, and this point was considered to be time zero for subsequent observations and interventions. During the establishment of the block all patients received a loading dose of Hartmann's solution equal to a 10 mVkg.
Patients were allocated to either the fentanyl or non-fentantyl groups according to a sequence previously determined from tables of randomised numbers. A nurse who played no part in the assessments made the allocation and prepared the initial 5 ml injectates. Both the patient and the anaesthetist were blinded to the allocation and the composition of the injectates.
Five minutes after the test dose the 5 ml injectate of lignocaine 1. 5% with adrenaline was administered. This also contained fentanyl 1.25 micrograms/kg for those in the fentanyl group. The definitive somatic blockade was then established using lignocaine 1.5% with adrenaline in a manner consistent with the individual anaesthetist's preference. The total volume of local anaesthetic including the test dose and initial 5 ml increment was recorded as was the extent of the block to pinprick immediately prior to surgery.
Demographic data was recorded and included the patient's age, weight, height, sex and ASA status. Data describing the epidural anaesthesia consisted of the site of placement, the ease of placement, the extent of the somatic blockade to pin-prick and the total volume of local anaesthetic solution employed.
The total dose of midazolam used prior to surgery was noted as was the time from insertion of the epidural catheter to the commencement of surgery. Particulars of the surgical problem and method included the site of the renal calculus, the duration of the surgery, the presence of a urinary catheter, the total number and power of the shockwaves. As part of the surgical procedure the surgeon used a minimal amount of lignocaine gel 2% to lubricate the urethra immediately prior to insertion of the cystoscope in all those who had an ancillary procedure.
Throughout the operation the anaesthetist was free to intervene as he/she thought appropriate, there were no specific limits imposed on haemodynamic parameters and the anaesthetist was free to consider each patient separately. Generally, however, the interventions were for one of the following reasons: anxiety, discomfort or pain, nausea, hypotension, hypertension, bradycardia or tachycardia. The number and reasons for the interventions were recorded as was the total amount of fluid administered by the end of the surgery.
At specific points during the operative procedures, i.e. while the ureter was being instrumented for those undergoing ancillary procedures and after approximately 300 shockwaves during lithotripsy, the patient was asked to complete a linear analogue pain score (0-100 mm scale). Immediately on cessation of surgery the patient was again asked to complete a linear analogue pain score and also give his overall impression of the degree of discomfort that he endured during the operative procedures. Our limits chosen for the linear analogue score were 0 = no pain or discomfort, ranging to 100 = the worst pain imaginable. With regard to the overall impression, patients were asked to decide whether they had endured, I. no pain or discomfort, 2. discomfort, 3. pain or 4. severe pain.
One hour after the conclusion of surgery the patient was assessed by a blinded observer for the presence of the following symptoms: nausea, vomiting, drowsiness, pruritus, headache, pain and inability to pass urine.
Resultant data was collated and analysed with the aid of STATVIEW®l 11 (1987 Abacus Concepts. Inc.). Comparisons, where appropriate, were made using a two-tailed t-test, analysis of variance, contingency tables, a Mann-Whitney U test or the Kruskal-Wallis test.
RESULTS
Although a total of 194 patients (fentanyl group = 98, non-fentanyl group = 96) contributed to the results, unfortunately in some cases not all the required information was recorded. In those areas, e.g. patient's overall impression, the absent responses played no part in the statistical analysis and therefore the total numbers in each group are on occasion less than those cited above.
There was no significant difference in the data describing the sample population in terms of the demographic characteristics (Table I) , details of the anaesthetic (Table 2 and Figure I ), or characteristics of the surgery (Table 3) . Similarly, the site of placement, the ease or difficulty with which the epidural catheter was sited, the position of the calculi to be treated and the use of urinary catheters were not significantly different between the two groups.
In general, there was no difference between the non-fentanyl and fentanyl groups in the parameters reflecting the quality of anaesthesia (Table 4 , Figures 2 and 3 ). However, there appeared to be a trend towards a better subjective impression of the overall procedure in the fentanyl group in that more patients said they experienced no discomfort no significant difference at the 95% level or pain throughout (P = 0.067) and fewer said they had experienced pain (P = 0.068).
Postoperative symptomatology was assessed on average 127 minutes after the epidural test dose (i.e. one hour after the end of surgery). This revealed little difference except in the incidence of pain at this time ( Figure 4 ) for which there may have been a trend towards prevalence in nonfentanyl group (P = 0.068).
Within each group there was one patient in whom the procedures were abandoned due to prolonged angina unresponsive to initial medication. Additionally, two patients in the fentanyl group developed respiratory depression which required intravenous naloxone. One ofthese two received intravenous fentanyl for the treatment of renal colic after the epidural had been established but prior to the commencement of surgery. Both groups were then subdivided into those who had lithotripsy alone and those who also had an ancillary procedure ( Table 3 ). The respective pairs were then compared to see whether there were significant differences not detected in the overall comparison and possibly related to the nature and extent of surgical interference. Three significant (P < 0.05) differences lay between the ancillary groups. The fentanylancillary group received slightly more shockwaves of greater intensity while the ancillary group which did not receive epidural fentanyl had more pain at the postoperative assessment (P = 0.013, Figure  5 ). The groups who underwent ESWL alone were distinguished only in respect of the power of the shockwaves in that those received by the fentanyl group were slightly more powerful.
Impression ot procedure immediately atter surgery No significant difference at P < 0.05
DISCUSSION
During this study we conducted numerous assessments and made many comparisons. In interpreting our results one needs to bear this in mind when considering the level of statistical significance attached to any comparison between the groups.
The only finding of statistical significance was that of the incidence of postoperative pain in the non-fentanyl ancillary group. Although one might be tempted to conclude that the fentanyl group tolerated the procedures better and overall complained ofless postoperative pain, at best these findings could be considered a trend which did not reach statistical significance.
In the light of our findings and in the context of our study, we therefore conclude that the null hypothesis stands and that there was little advantage in combining fentanyl with local anaesthetic in the provision of an epidural anaesthetic for these patients undergoing ESWL with and without ancillary procedures. If one were to extrapolate our findings to other forms of surgery, the proviso would be that the local anaesthetic provides a somatic and autonomic blockade adequate for all aspects of the proposed surgery.
This point is of utmost relevance as failure to account for autonomic pain pathways may leave the patient in considerable discomfort. Previous work 3 ,4 has been done with obstetric patients undergoing caesarean section, an operation involving extensive autonomic afferent pathways which often prove difficult to block entirely. Similarly, the study by Rucci et af. 5 involving orthopaedic surgery on the lower limb under tourniquet reported a decrease in discomfort in those receiving epidural fentanyl. Once again however this may have been because the sympathetic innervation of the thigh was not completely blocked by the local anaesthetic.
It would still appear reasonable, however, to add fentanyl in those cases where the block is clearly inadequate for reasons beyond the control of the anaesthetist or where it is impractical to aim for complete anaesthesia with local anaesthetic blockade. In support of this, a number of studies have shown that fentanyl may be sufficient by itself6,7 or at least contribute 3 ,4,5,8 to the provision of analgesia during surgical procedures.
The only finding in our study which was of statistical significance was that of postoperative analgesia as assessed on average 126 minutes after the epidural test dose. This presumably arose from the analgesic effort of fentanyl outlasting that of lignocaine or the synergy between fentanyl and the local anaesthetic as the tissue concentrations declined. This finding also confirms that of others who have found enhanced postoperative analgesia in those receiving epidural fentanyl even when used with bupivacaine 0.5%.9
Why then did we fail to reveal a difference when other workers have clearly shown an apparent intra-operative benefit from the addition of 2 showed quite conclusively that epidural fentanyl was very effective in the provision of analgesia for percutaneous nephrolithotripsy when used in conjunction with bupivacaine 0.5%. They invoked anatomical (i.e. inadequate spread to an appropriate level) or pharmacological (appropriate spread but inadequate effect) factors to explain the occurrence of pain. Anatomical reasons were essentially equally distributed between their groups while the pharmacological failures were confined to those groups who did not receive epidural fentanyl. They therefore concluded that epidural fentanyl significantly enhanced the action of bupivacaine 0.5%. The ability offentanyl to enhance the action of local anaesthetic appears to be verified in numerous other studies, in all of which epidural bupivacaine was used in concentrations ranging from 0.1 % to 0.5%. We were unable to find any studies specifically using lignocaine in this context and it may be that the interaction between epidural fentanyl and 1.5% lignocaine is not as marked as that between fentanyl and bupivacaine concentrations of 0.5% or less. Our study design would appear to have provided good anaesthesia from the local anaesthetic alone, and, as alluded to above if the blockade due to the local anaesthetic alone is extensive and complete, one can see little benefit in the addition of other agents except in the provision of anxiolysis or sedation. An alternative explanation may lie in the nature of the surgical stimulation. Millan, 10 in work on the rat, has demonstrated that noxious stimuli of differing nature, i.e. pressure, thermal or electrical, exhibit differing susceptibilities to mu-and kappaagonists. Although fentanyl, a mu-agonist, was demonstrated to be generally efficacious, this work does suggest that in selecting an analgesic agent one should consider the nature of the noxious or surgical stimulus. In the context of our study it is possible that fentanyl, in the dose used, failed to account for the nature of this particular surgical stimulation. Although other workers have shown epidural fentanyl alone to provide satisfactory analgesia for ESWL6,7 some have since retracted their findings due to study design error 1 1 and none involved ancillary procedures.
A further possible explanation for our findings is that we did, indeed, fail to give an adequate dose of fentanyl or that the fentanyl was flushed away prior to exerting its action. A number of studies administered 200 micrograms of epidural fentanyl and found this to be efficacious, 5, 9, 12, 13 and others used 100 micrograms with effect. 1·4 We related our dose to body weight such that an average sized person would receive approximately 100 micrograms and that the final dilution within the epidural space would be approximately 4 to 5 micrograms/ml. This, in conjunction with adrenaline 1 :200,000, should have yielded an efficacious mixture in accordance with the results of a study by Welchew 14 and in fact very closely mimics the methodology and final concentrations of other studies in which epidural fentanyl was found to be efficacious. 7 ,s Additionally, a study by Bimbach et al. 15 suggested that the optimal volume of injectate is approximately 15-20 ml with the fentanyl diluted therein. This volume approximates to our own although in our study the fentanyl was not uniformly diluted prior to injection into the epidural space. However, we feel it is unlikely that the fentanyl was washed out of the epidural space in an isolated bolus fashion.
As stated above, our only significant finding was in the area of postoperative analgesia which may certainly be advantageous for the patient. However, it would seem more prudent to administer the epidural fentanyl at the conclusion of the surgery, thereby prolonging the duration of overall analgesia. Although epidural fentanyl was long thought to be absolutely safe, in more recent times it has become clear that it is not without risk.
Morisot et al. 16 in 1989 showed that even 50 micrograms of epidural fentanyl caused slight ventilatory depression at one and two hours after its administration and there have indeed been two cases of profound respiratory depression almost certainly due to epidural fentanyl. 17 received intravenous fentanyl subsequent to the epidural fentanyl as treatment for ongoing renal colic despite a seemingly adequate somatic block but the other received additional sedatives only.
Recently, Ellis et al. 19 and Loper et apo have demonstrated that intravenous fentanyl appears to be as efficacious as epidural fentanyl at similar blood levels. Negree et al.,21 in a comparison of intramuscular and epidural fentanyl, showed a significantly decreased ventilatory response in the epidural group, compared with the intramuscular group in whom the blood levels were significantly higher at all times up to 120 minutes following the injection.
In this light, we feel that the routine use of epidural fentanyl at the beginning of an anaesthetic which can reasonably be expected to be adequate, using local anaesthetic alone, compromises further management and limits options in the face of further analgesic requirements.
Our results in no way question the validity of epidural fentanyl, with or without local anaesthetic, for the provision of analgesia as distinct from anaesthesia, as it is in these situations that one is very likely to have a less complete or inadequate block from the local anaesthetic alone. Previous work supports this and points to the benefits of less motor and autonomic blockade when used alone or in combination with reduced concentrations of local anaesthetic. 1, 2, 13, 22 However, with regard to surgical anaesthesia it does not appear to be universally worthwhile although there may be better subjective patient tolerance of the procedure when it is incorporated in the anaesthetic. Another benefit suggested in support of the use of epidural fentanyl is that it may reduce the incidence of shivering with epidural 14 12 10 Incidence.
blockade. 12, 23 This benefit would have to be weighed against the possible disadvantages, and whether it is just as effective and/or safer to administer the fentanyl intravenously will no doubt be addressed in future studies. CONCLUSION This study was conceived to test an aspect of anaesthetic practice that was beginning to become 'routine'. Based on our results and observations we venture to conclude that, in the presence of an autonomic and somatic local anaesthetic blockade adequate for all the surgical stimulation, the inclusion of fentanyl with epidural 1.5% lignocaine plus adrenaline 1 :200,000 does not appear to confer significant benefit in the provision of intraoperative anaesthesia. This study has not addressed all facets of this particular problem but we hope we have introduced another perspective and perhaps indicated other areas requiring further elucidation. 
